Today, the exploration about synthesis of nanoparticles is much of interest to materials scientists. In this work, copper nanoparticles have been successfully synthesized by immersion deposit method in the absence of any stabilizing and reducing agents. Copper (II) sulfate pentahydrate as precursor salt and distilled water and Ethylene glycol as solvents were used. The copper nanoparticles were deposited on plates of low carbon steel. The effects of copper sulfate concentrations and solvent type were investigated. X-ray diffraction, scanning electron microscopy and UV-Visible spectroscopy were taken to investigate the crystallite size, crystal structure, and morphology and size distribution and the growth process of the nanoparticles of obtained Cu particles. The results indicated that the immersion deposit method is a particularly suitable method for synthesis of semispherical copper nanoparticles with the crystallites size in the range of ~22 to 37 nm. By increasing the molar concentration of copper sulfate in distilled water solvent from 0.04 to 0.2 M, the average particles size is increased from 57 to 81 nm. The better size distribution of Cu nanoparticles was achieved using a lower concentration of copper sulfate. By increasing the molar concentration of copper sulfate in water solvent from 0.04 to 0.2, the location of the SPR peak has shifted from 600 to 630 nm. The finer Cu nanoparticles were formed using ethylene glycol instead water as a solvent. Also, the agglomeration and overlapping of nanoparticles in ethylene glycol were less than that of water solvent.
Introduction
Recently, metallic nanoparticles (NPs) with dimensions less than 100 nm have been lots of attention in the scientific community and industry. Because NPs show that unique chemical and physical properties attributed to their relatively small size and high surface area-to-volume ratio. For example, metallic NPs were found to have 7-50 times less toxic effect to mammalian cells than their corresponding ionic forms (Chatterjee et al. 2014) . Among metallic NPs, copper nanoparticles have been considerable attention due to antibacterial capacitance (Chatterjee et al. 2014; Argueta-Figueroa et al. 2014; Usman 2013; EmanAlzahrani and Ahmed 2016) , high catalytic activity and selectivity (EmanAlzahrani and Ahmed 2016; Sherazi et al. 2014) , excellent electrical conductivity (Magdassi et al. 2010; Lee et al. 2008 ) and a remarkable increment in heat transfer of fluids (Eastman et al. 2001; Garg et al. 2008) . Also, Cu NPs are low cost in production compared to precision metal such as silver, while its conductivity is only 6% less than that of Ag (Magdassi et al. 2010) .
Due to excellent electrical conductivity, Cu NPs can be used to make conductive pastes for the formation of thick film conductors such as electrodes or conductive patterns in printed circuit boards, hybrid integrated circuit and metallization of multilayer ceramic capacitor in the electronic industries (Lee et al. 2008) . It has been found that Cu NPs exhibit a wide spectrum of antimicrobial activity against different species of microorganisms (Chatterjee et al. 2014; Argueta-Figueroa et al. 2014; Usman 2013; EmanAlzahrani and Ahmed 2016) . EmanAlzahrani and Ahmed (2016) successfully constructed a non-enzymatic sensor for H2O2 determination based on Cu NPs with high catalytic activity which could be used in biomedical applications. According 1 3 to the work of Eastman et al. (Eastman et al. 2001) , thermal conductivity of ethylene glycol can be increased by up to 40% through the dispersion of 0.3 vol% Cu NPs of mean diameter < 10 nm. In summary, it can be concluded that the Cu NPs present a wide range of potential applications in various fields such as antibiofouling agents, electronic devices, optical sensor, catalysts, solar/photovoltaic energy conversion and industrial cooling and heating.
Since the 1990s, scientists have focused on the development of chemical and physical methods to synthesize of Cu NPs (Magdassi et al. 2010) . Some of these methods include the metal vapor synthesis (Vitulli et al. 2002) , chemical reduction in solution (Huang et al. 1997; Khan et al. 2016; Leong 2016; Umer et al. 2014) , sonochemical techniques (Kumar et al. 2001; Dhas et al. 1998) , hydrothermal processes (Betancourt-Galindo et al. 2014) , microemulsion methods (Qi et al. 1997) , thermal reduction (Dhas et al. 1998) , electron beam irradiation methods (Zhou et al. 2008) , polyol synthesis (Park et al. 2007 Jul 15), electrochemical reduction (Hashemipour et al. 2011 ) and Sonoelectrochemical synthesis (Sáez and Mason 2009) . Most of methods tend to be expensive, environmental incompatibility and time consuming. Among the chemical methods, electroless (autocatalytic) plating is easy, cost effective and available equipment (Porter et al. 2002) . Electroless plating refers to the autocatalytic or chemical reduction of aqueous metal ions plated to a base substrate (metals, ceramics or plastics) at room temperature, by just immersing the substrate into an electrolyte solution. This method involves the presence of a chemical reducing agent in solution to reduce metallic ions to the metal state in the absence of an external source of electric current. Unlike electroplating, it is not necessary to pass an electric current through the solution to form a deposit. Power supplies, electrical contacts, and the other apparatus necessary for electroplating are not required (Barker 1981; Henry 2001; Schlesinger and Paunovic 2010; Ohno 1991; Srinivasan et al. 1988 ). This method can be utilized in various uses due to its specific properties, although thickness is uniform even on complex-shaped parts and small cavities. Also, the deposit has low porosity as well as unique chemical, mechanical, and magnetic properties, for instance, corrosion and wear resistance. On the other hand, electroless plating solutions have limited bath life because the reduction of reaction products accumulated in the solution and, finally, the salt content will be expensive. It should be noted that the short lifetime of the baths is a serious limitation from both cost and environmental views. So, sometimes accumulated impurities shorten the solution life (Yli-Pentti 2014; Sudagar et al. 2013) . The process relies on the presence of a reducing agent (electron donors) in aqueous solutions, which reacts with the metal ions (electron acceptors) to deposit metal. In this method, there are many parameters such as temperature, reaction time, precursor and reducing agent type and concentration, additive type and even mixing affecting on nucleation, growth and agglomeration phenomena and consequently the particle size distribution (Barker 1981; Henry 2001; Schlesinger and Paunovic 2010; Ohno 1991; Srinivasan et al. 1988) . When an iron alloy such as steel is immersed in a copper sulfate solution, the iron dissolves while the copper is plated out onto its surface. This is called an immersion deposit and is used commercially for the production of copper coatings on base metals or suitably activated non-metallic surfaces (Barker 1981) . The immersion deposit of copper formed on steel from simple acidic copper solutions is non-adherent and spongy (Camacho-Flores et al. 2015) . On the other hand, deposition of copper powder requires spongy deposition (Hashemipour et al. 2011) . Accordingly, electroless plating of copper via immersion of steel substrate in a copper sulfate solution is appropriate method for the fabrication of nanoparticle in a single process (Yagi et al. 2009 ). In this method, the deposition of metal starts at specific activation sites on the surface and continues on these points only. As deposition progresses, islands are formed around these nucleation sites. The islands grow in size until they merge and a continuous film results (Porter et al. 2002) . In fact, electroless plating involves nucleation and growth during the deposing process, growth is enhanced over nucleation in smooth cathodes but the converse is true for powder production where each nucleus is a powder particle. Therefore, nanoparticles can be achieved by controlling of process parameters so that it leads to an increase in the nucleation rate with respect to the growth rate (Xue et al. 2006) .
Unfortunately, there is a lack of understanding of the process parameters effects on the crystallite size, morphology of particles and agglomeration phenomena in the synthesis of the copper NPs via immersion plating method. Therefore, to overcome these deficiencies, the authors decided to synthesize the copper NPs via electroless plating, namely, immersion deposit of copper formed on steel and study the effect of the some process parameters (concentrations and solvent type) on the morphology and size of the obtained nanoparticles.
It should be noted that in most of chemical methods used by other researchers, the copper NPs formed by homogeneous nucleation and the synthesis process are the complicated batch, requiring specific stabilizing and reducing agents and expensive equipment, producing small amount of nanoparticles as well as environmental incompatibility (Umer et al. 2014) . In contrast, in the immersion deposit method, the copper NPs are formed by heterogeneous nucleation without the use of any chemical stabilizer and protector agents, and the synthesis process is simple, high efficiency, high throughput, and potential to easily become a continuous process (Porter et al. 2002) .
Experimental

Materials
Copper (II) sulfate pentahydrate (CuSO 4 ·5H2O), Ethanol and Ethylene glycol were purchased from Merck Company and used as received without further purification. Also, low carbon steel (0.08 wt%C) plates (12 × 16 cm 2 ) and double distilled water were used.
Synthesis method
According to the procedure described (Srinivasan et al. 1988) , in the first step, different homogeneous solutions of CuSO 4 with concentrations of 0.04, 0.12 and 0.2 M were prepared in distilled water. Mild steel plates were mechanically finished in order to achieve to a mirror finish. The samples were rinsed with acetone and distilled water and then immersed in the copper sulfate solution at room temperature (25 °C). After short over time, a non-adherent layer of metallic copper particles was formed onto its surface. The entire substrate was removed from the solution and rinsed with double distilled water for two times. The copper on the substrate was separated with a polymer blade and kept in the preservative solvent of ethanol to prevent oxidation. Finally, the effect of solvent type was tested at room temperature using 0.12 and 0.2 M ethylene glycol as solvent instead of 0.12 and 0.2 M double distilled water.
Characterization techniques
The characterization of nanometric scale structures is carried out by different techniques such as transmission electron microscopy (TEM), the scanning electron microscope (SEM), dynamic light scattering (DLS), X-ray scattering at small angles (SAXS), X-ray diffraction (XRD) and ultraviolet-visible (UV-Vis) spectroscopy (Yagi et al. 2009 ). The SEM is an instrument that allows the observation of the shape and size of the Cu NPs. The XRD is a scientific technique primarily used for phase identification of a crystalline material and can provide information on unit cell dimensions as well as nanoparticle size (Cullity 1978) . UV-Visible absorbance spectroscopy is a very useful technique for studying metal nanoparticles because the peak position and shapes vary when changing particle size (Shikha et al. 2015) .
Accordingly, in this work, the Cu nanoparticles have been characterized by the SEM, UV-Vis and XRD. The SEM characterization was carried out using an EM3200 electron microscope. The average diameters and size distributions of the copper particles were obtained from the enlarged SEM photographs.
To record absorption spectra of NPs, a UV-Vis spectrophotometer (jasco v-630) in a 1 cm optical path quartz cuvette over a 200-800 nm range was used to preliminary estimation of Cu NPs synthesis. The X-ray diffraction studies were carried out using an APD 2000 X-ray diffractometer operated at 40 kV and 30 mA with CuKα radiation where the value of d represents the size of the crystallites, and λ, θ 0 and β are the wavelength of radiation, the Bragg diffraction angle and the intrinsic (true) profile full width at half maximum intensity (FWHM), respectively. The β parameter was calculated using the Gaussian-Gaussian relation (Tjong and Chen 2004) : where β exp and β ins are the FWHM of experimental and instrumental profiles, respectively. β exp and β ins were determined by Gaussian curve fitting using a Matlab software. The annealed copper with average grain size of 5 μm was used as reference sample. Figure 1 shows the XRD patterns of the nanoparticles produced at various concentrations of precursor. For comparison, the XRD pattern of reference sample (annealed copper) has also been shown in this figure. Diffraction patterns are plotted by Gaussian curve fitting on data recorded by the APD 2000 X-ray diffractometer. It can be observed that the peaks of the reference sample were consistent with those of the standard JCPDS card No. 04-0836 for (111), (200), (220) and (311) planes of the pure face centered cubic (FCC) copper and no characteristic peaks of other phases have been recorded. The XRD patterns of the deposited specimens showed an additional peak, apart from the one which corresponds to metallic copper, appeared at 36.54o-36.56o, matched with the standard JCPDS card No. 05-667 for (111) planes of body centered cubic (BCC) cuprite (Cu 2 O). The coexisting Cu 2 O is presumably due to some oxidation in air environment. The relative intensity of (111) planes of Cu 2 O for sample prepared form 0.04 M solutions was considerably lower than that of 0.12 and 0.2 M solutions, indicating the higher purity of obtained nanoparticles.
Results and discussion
Effect of concentration of precursor
In Fig. 1 , the peak broadening due to nano-sized crystallites is not completely clear. In order to have a better distinction between the samples, it is necessary that the intensity of (hkl) reflection, (Ihkl), be normalized in the form of IN, hkl = Ihkl/Ip, hkl and IN, hkl be plotted versus diffraction angle, (2θ) for the same reflection (Rashidi and Amadeh 2008) . For this purpose, the intensity of (111) reflection of Cu for deposited specimens and also reference sample was normalized and presented in Fig. 2 . As it can be seen, the XRD peaks of deposited samples are wider than the annealed copper and the peak width increases by decreasing the concentration of precursor. It should be noted that according to XRD theory, excess peak broadening (respect to annealed specimen) is due to crystallites refining to nanoscale size (Cullity 1978) . From the peak broadening of XRD patterns, by means of a Scherrer relation fitting procedure, the values of the mean crystallites size have been determined for each sample. The evolution of the crystallites size of electroless deposited samples versus concentrations of CuSO 4 in solution has been depicted in Fig. 3 . It shows that a change of concentrations has a considerable effect on the crystallites refining of copper deposits. So increase in concentrations from 0.2 to 0.04 M leads to decrease in copper crystallites size from ~37 to ~22 nm.
Through scanning electron microscopy (SEM) it was able to observe the morphology and particle size distribution of nanoparticles. In Fig. 4 , typical SEM micrographs of the nanoparticles deposited from water solvent with 0.04 and 0.2 molar concentration (MC) of CuSO 4 were presented. As shown in (Fig. 4a) , the spherical and hemispherical nanoparticles with sizes of 10 to 110 nm are synthesized using a water solvent containing 0.04 M copper sulfate. Figure 4b shows strong agglomeration of nanoparticles with different geometrical shapes, highlighting hemispherical particles with sizes of about 40 to 150 nm and a few rod-shaped particles with lengths of 150-200 nm. In addition, it was observed that these nanoparticles were overlapping with each other.
Particles size distribution and their mean diameter were analyzed by measuring over 100 particle dimensions from SEM images. The results are presented in Figs. 5 and 6. Accordingly, nanoparticles with an average diameter of about 57 ± 2 nm and a standard deviation (SD) of 16 nm were obtained using the 0.04 M solution, whereas copper nanoparticles obtained from the 0.2 M solution have an average diameter of about 81 ± 2 nm with a standard deviation of 19 nm. This means that the finer particles and better size distribution of Cu nanoparticles were achieved using a lower concentration of CuSO 4 .
Variation of average diameter of copper NPs as a function of CuSO 4 concentration in distilled water solvent is presented in Fig. 6 . It shows that the mean size of NPs grows by increasing the concentration of precursor. Contrary to the reported results by Kapoor and Mukherjee (Kapoor and Mukherjee 2003) , the present results indicated that the mean of sizes, size distribution and morphology of copper NPs were affected by the concentration of CuSO 4 . This difference arises from difference in operating conditions. Kapoor and Mukherjee (Kapoor and Mukherjee 2003) used the photochemical method to fabrication nanoparticles copper from de-aerated aqueous solution of the CuSO 4 in the presence of benzophenone and poly(N-vinylpyrrolidone) agents, whereas in this work, the copper NPs were synthesized via immersion plating method in aqueous solution of the CuSO 4 without the use of any chemical stabilizer and protector agents.
The metal nanoparticles show broad regions of absorption in the UV-visible range due to the excitation of Surface Plasmon Resonances (SPR), which are specific properties for the metallic nature of particles, or interband transitions (Lotey et al. 2012 Mar 1). Totally, Cu nanoparticles have an SPR peak in the area nearly 600 nm (Dong et al. 2014 ). The UV-Vis absorption spectrum taken from the as-synthesized nanoparticles dispersed in aqueous solution with different concentration of CuSO 4 are compared in Fig. 7 . As it can be seen, the absorbance peaks of nanoparticles formed in distilled water with concentrations of 0.04, 0.12 and 0.2 M are revealed in 600, 617 and 630 nm, respectively. These values are in good agreement with the reported results for copper nanoparticles (Dong et al. 2014) . As the results show, the absorbance peak in 0.2 M is weaker (broad peak with low intensity) than other concentrations.
This phenomena can be due to the formation of a thicker Cu 2 O layer (Ramyadevi et al. 2012; Khanna et al. 2008 ) and/ or wide distribution of particle sizes, intensive agglomeration and overlapping nanoparticles (Liu et al. 2002; Khanna et al. 2007) .
A blue-shift is any decrease in wavelength with a corresponding increase in frequency of an electromagnetic wave. It is an indicator of decrease in size of particles and most clearly observed when the crystal sizes are close to the exciton radius in bulk semiconductor (2-30 nm). Figure 7 illustrates the blue shift appears when the concentration of CuSO 4 in aqueous solution is reduced. This means that the finer nanoparticles can be synthesized using a solution with a lower concentration of CuSO 4 . The results are significantly compatible with the XRD results and SEM observations. Figure 8 shows the XRD patterns of the nanoparticles produced from ethylene glycol solvent containing 0.12 and Fig. 1 . In order to have a better distinction between the XRD patterns of the nanoparticles produced from ethylene glycol and water solvents, the intensity of (111) reflection was normalized and compared in Fig. 9 . As seen, the XRD peaks of nanoparticles produced from ethylene glycol solvent are wider than that of the water solvent. The values of the mean crystallites size determined from the intrinsic profile full width at half maximum intensity of (111) reflection are compared in Fig. 10 . It shows that a change of solvent has an effect on the crystallites size of copper nanoparticles.
Effect of solvent
In Fig. 11 , typical SEM micrographs of the nanoparticles deposited from water and ethylene glycol solvents with 0.12 and 0.2 molar concentration of CuSO 4 are presented. As it can be seen, although the almost nanoparticles obtained from both solvents had spherical and semispherical morphology, however, the agglomeration and overlapping of nanoparticles in water were higher than that of ethylene glycol. The histograms of particles size distribution (Fig. 12) indicate that the nanoparticles with an average diameter of about 71 ± 2 nm and 81 ± 2 nm and a standard deviation of 20 and 19 nm are obtained using the 0.12 M and 0.2 M water solution, whereas average diameter of copper nanoparticles obtained from ethylene glycol was about of 52 and 64 nm with a standard deviation of In Fig. 14a and b, UV-Vis absorption spectra for water and ethylene glycol solvents in 0.12 and 0.2 molar concentration of CuSO 4 are compared, respectively. As it can be seen, blue shift has occurred when changing solvent from distilled water to ethylene glycol. Also, band absorption is sharper due to decreasing particle size and overlapping and agglomeration narrower size distribution in ethylene glycol solvent. These results are in good agreement with the observation obtained from XRD and SEM.
Conclusion
In this research, the effects of copper sulfate concentrations and solvent type on the preparation of copper nanoparticles via immersion deposit method were experimentally investigated. The study demonstrated that the immersion deposit method is particularly suitable and generally applicable method for synthesis of copper nanoparticles. Based on the findings of the study the following conclusions were drawn.
Spherical and semispherical copper nanoparticles with the crystallites size from ~22 to 37 nm can be produced by immersion deposit method.
4.1 By increasing the molar concentration of copper sulfate in water solvent from 0.04 to 0.2 M, the average particles size of copper nanoparticle is increased from 57 to 81 nm.
4.2
The better size distribution of Cu nanoparticles was achieved using a lower concentration of CuSO 4 . 4.3 It was obtained that the SPR peak position can be controlled during synthesis by varying the concentration of precursors and type of solvent, while the concentration of precursors increases from 0.04 to 0.2 M in distilled water The SPR peak has red shift from 600 to 630 nm and this is related to reducing the particle size. 4.4 Blue shift and sharper peak were observed after changing the solvent water to ethylene glycol proving decrement of both size and distribution of them. 4.5 The finer Cu nanoparticles were formed using ethylene glycol instead of water as a solvent. 4.6 The agglomeration and overlapping of nanoparticles in ethylene glycol were less than that of water solvent.
